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PREFACE. 


HYSICIANS  were,  till  very  lately,  totally 


ignorant  of  the  effeds  of  refpiration  on 
hhe  fyftem  :  Modern  chemiftry,  by  difcovering 
hhe  component  principles  of  atmofpheric  air, 
iind  that  portion  of  it  which  underwent  a 
hhange  in  the  lungs,  induced  philofophers  to 
xamine  the  fabjedt  with  the  degree  of  atten- 
ion  it  merited.    The  names  of  Black,  Craw- 
rd,  Lavoilier,  &c.  will  be  tranfmitted  to  pof- 
:rity,  as  the  firft  who  have  elucidated  this  im- 
ortant  point.    The  following  Diflertation  will 
e  found  to  contain  experiments  made  with  the  . 
leateft  degree  of  accuracy  ;  and  the  conclufions 
|i:e  fuch  as  evidently  flow  from  them.  This, 
»gether  with  the  importance  of  the  fubjedt, 
lill,  it  is  prefumed,  be  a  fuflicient  excufe  for 
'•ving  it  to  the  public  in  an  Englifli  drefs. 

If 


(    iv  ) 

If  WC5  confider  that  the  better  the  fun£lioi 
of  any  organ  are  afcertairted,  the  more  efFedli 
ally  we  fhall  be  able  to  prevent  or  cure  its  d 
feafes,  and  that  no  organ  is  fubjedl  to  moi 
dangerous  or  obftinate  difeafes  than  the  lung 
it  will  be  evident  that  whatever  throws  light  o 
fo  interefting  a  topic  is  worthy  of  our  attentioi 

Two  other  motives,  which  influenced  th 
Tranflator,  are,  that  the  Latin  edition  is  e3 
tremely  rare and  that  the  experiments  an 
conclufions  of  Dr.  Menzies  have  met  with  th 
approbation  of  fueh  of  the  ProfefTors  of  th 
Uniyerfity,  as  treat  on  the  fubjeft  in  the: 
leflures. 

The  notes  added  by  the  Tranflator,  are  mai 
ked  with  capitals ;  the  others  are  chiefly  ref< 
re  noes  to  authors. 


TO 

JOSEPH  BLACK,  M.  D. 

rROFESSOR  OF  CHEMISTRT  IK  THE  UNIVERSITT  OF 
EDINBURGH. 

&C.  &C.  &C. 

SIR, 

I  COULD  not  long  hefitate  to  whom  I  ought 
to  dedicate  this  diflertation,  when  I  confidered 
the  numerous  difcoveries  with  which  you  have 
enriched  fcience,  particularly  that  of  animal 
heat,  of  which  your  ingenuity  had,  twenty  years 
ago,  difcovered  the  fource.  This,  Sir,  has  fpread 
your  reputation  throughout  the  world,  and 
makes  you  be  confidered  as  the  Father  of  mo- 
dern Chemiftry. 

I  ought  not,  among  other  motives,  to  omit  the 
ineftimable  advantages  I  have  derived  from  your 
leftures ;  nor  fliall  I  ever  forget  the  friendftiip 
and  politenefs  you  have  fliewn  me. 

I  remain  with  all  due  refpedt, 
SIR, 

ROBERT  MENZIES. 


V 


On  respiration. 


ESPIRA.TION  is  a  fundion  fo  neceffary 


^  to  life,  and  ferves  fo  many  important 
purpofes  in  the  animal  oeconomy,  that  what- 
ever may  contiibute  to  throw  the  fmalleft  light 
on  fo  difficult  a  fubjed,  feems  worthy  of  the 
attention  of  the  phyfician.  This  confideration 
will,  I  hope,  be  a  fufficient  excufe  for  making 
it  the  fubje^l  of  a  diffcrtation. 

I  have  had  no  idea  of  attempting  to  clear  up 
all  the  difficulties  which  furround  this  impor- 
tant branch  of  phyfiology.  I  have  chiefly  en- 
deavoured to  inveftigate  the  quantity  of  air 
ufually  refpired  by  an  adult,  and  to  confider 
refpiration  as  the  chief  fource  of  animal  heat. 


A 


Thefe 


(  ^  ) 

Thefe  fubjcdls  have  of  late  occupied  the  atten- 
tion of  the  moft  celebrated  philofophers  of  the 
age. 

In  this  inveftigation  I  fhall  take  the  liberty 
of  payipg  no  attention  to  any  hypothefis,  how- 
ever fpecious,  if  it  be  not  founded  on  the  fure 
left  of  experiment  :_Syftems  and  men  may  paf& 
away,  but  the  laws  of  truth  are  eternal. 

SECT.  I. 

•B-X-  refpiration  we  mean  that  funclion  in 
which,  by  the  alternate  dilatation  and  contrac- 
tion of  the  thorax,  a  quantity  of  air  is  received 
into  the  lungs,  and  afterwards  expelled  froiiv 
them.  The  firft  of  thefe  adions  is  called  in- 
fpiration,  the  latter  expiration. 

Infpiration  is  chieiiy  performed  by  the  ac- 
tion of  the  intercoftal  mufcles,  and  of  the  dia- 
phragm; for  the  ribs  and  fternum  are  elevated 
and  puflied  forwards  by  the  contradion  of  the 

intercoftal 
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intercoflal  mufcles ;  which,  joined  to  the  con- 
traclion  of  the  diaphragm,  dilates  the  cavity  of 
the  thorax  in  every  diredlion.  Thus  the  lungs, 
which  clofely  adhere  to  the  ribs  and  diaphragm, 
and  paflively  obey  their  motions,  are  extended, 
and  the  external  air  rufhes  into  them  through 
the  trachea,  by  which  the  equilibrium  is  pre- 
ferved.  During  expiration,  all  the  mufcles  con- 
traded  during  infpiration  are  relaxed  ;  the  car- 
tilages of  the  ribs  and  the  mediaftinum,  from 
their  inherent  elafticity,  gradually  return  ta 
their  former  fituation  ;  hence  the  ribs  are  pufli- 
ed  down,  the  diaphragm  elevated,  and  the  ca- 
vity of  the  thorax  diminifhed.  This  is  the  caufe 
why  the  portion  of  air  remaining  in  the  lungs 
is  expelled.  Befides,  the  contradion  of  the  ab- 
dominal mufcles,  and  perhaps  the  elafticity  of 
the  lungs,  affift  expiration. 

In  this  manner  the  alternate  motions  of  re- 
fpiration  are  carried  on,  from  the  moment  of 
our  entrance  into  the  vt'orld,  till  the  vital  flame 
is  extinguiflied.  It  ferves  various  ufeful,  though 

fecondary, 
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(R)  fecondary,  purpofss ;  fuch  as  the  formation 
of  the  voice,  the  expulfion  of  the  foeces,  urine, 
foetus,  &c.  This  adion  is  in  a  great  meafure 
fubjefl  to  the  influence  of  the  will,  though 
Providence  has  wifely  ordained  that  it  fhould 
not  be  totally  dependant  on  that  faculty;  when 

neceflary, 

{R)  Phyficlans  have  differed  much  with  rcfpeft  lo  the 
final  caufe  of  refpiratidn.  Finding  it  lefs  laborious  to  build 
hypothefes  than  to  make  experiments,  fome  imagined  the 
blood  to  be  cooled  in  the  lungs ;  others,  that  it  abforbed 
nitre  in  its  pafTage  through  them.  In  the  fecond  part  of  this 
differtation  we  fliall  find  the  author  prove,  a?  clearly  as  any 
phyfiological  faft  can  be  j)rov£d,  the  opinion  of  Black,  Craw- 
ford, &c.  that  the  lungs  are  the  fource  of  animal  beat.  Dr. 
Goodwin  remarked  alfo  the  florid  colour  the  blood  receives 
in  its  paffage  through  the  lungs ;  and  found  that  when  it 
poffeffed  this  florid  colour  it  flimiJated  the  left  auricle  to  con- 
traction, but  otherwife  not.  He  does  not  venture  to  pro- 
nounce what  change  the  blood  undergoes,  but  fuppofes, 
"  That  the^chemical  change  which  the  blood  undergoes  in 
"  the  lungs  by  refpiration,  gives  it  a  fl:imulating  quality,  by 
*'  which  it  is  fitted  to  exdte  the  left  auricle  and  ventricle  to 
_**  contraftion  ;" — and  concludes  from  hence,  the  chief  indi- 
cation for  recovering  drowned  perfons  to  be  inflation.  But 
I  think  he  ought  not  to  recommend  dephlogillicated  air  for' 
this  purpofe  ;  aa,  if  the  principle  of  accumulated  irritability^ 
Jjc  allowed,  its  CoTedls  would  be  too  violent. 
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neceflary,  it  is  affifted  by  the  adtion  of  all  the 
mufcles  attached  to  the  ribs. 

With  refped  to  the  different  theories  on  the 
caufe  of  the  firft  infpiration,  and  of  the  alter- 
nate motion  of  the  diaphragm  and  intercoftal 
raufcles ;  as  I  have  nothing  to  fay  which  would 
ferve  to  elucidate  the  fubjed,  1  fliall  pafs  thefe 
opinions  over  in  lilence ;  nor  lliall  I  venture, 
as  many  ingenious  *  authors  have  done,  to.  ex- 
plain them  on  mechanical  principles.  I  pEeier 
adopting  the  opinion  of  the  celebrated  Monro, 
"  that  it  is  the  work  of  an  all-wife  Being."  f 

Although  the.p.udy  of  jprimary  caufes  is  ab- 
furd,  and  although  the  fource  of  primary  mo- 
tions is  beyond  our  comprehenfion  ;  neverthe- 
lefs,  an  experimental  inveftigation  of  their  mode 
of  aftion  muft  contribute  to  the  advancement 
of  fcience. 

Thus,  though  we  can  never  hope,  to  be  ac- 
quainted with  the  primary  caufe  of  the  motion  of 

the 

*  Boerhaave,  Martin,  Whitt,  Haller,  Sec. 
f  Nervous  Syftem,  p.  loi:  " 
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the  heart  and  lungs ;  any  fadl,  which  may  throw 
light  on  the  laws  by  which  they  are  governed, 
merits  our  utmofl:  attention.  To  this  clafs,  in  my 
opinion,  belongs  the  exaa  eftimation  of  the 
quantity  of  air  refpired,  in  a  healthy  ftate  of 
the  fyftem.  Though  this,  at  firft  fight,  appears 
infignificant ;  yet,  if  we  confider  how  intimate- 
ly it  is  conneded  with  the  various  theories  on 
refpiration,  on  the  paflage  of  the  blood  through 
the  lungs,  on  animal  heat,  and  with  the  cure 
of  (P)  difeafes,  which  can  never  be  underftood 

without 

(P)  The  moft  violent  and  obflinate  difeafes  of  the  fyftem. 
arfe  feated  in  the  lungs  ;  fuch  are  pneumonia,  afthma,  and  the 
different  fpecies  of  phthifis.  Dr.  Beddoea  has  lately  affigned 
a  theor)'  of  the  latter  difeafe,  very  different  from  that  before 
adopted  by  phyficians.  Laying  it  down  as  a  principle,  that 
oxigene  is  received  into  the  fyfteni  during  refpiration  ;  he  fup- 
pofes  phthifis  to  depend  on  a  certain  ftate  of  the  lungs,  by 
which  too  much  oxigene  is  received  into  the  fyflem.  He 
fupports  his  opinion  by  feveral  ingenious  analogies ;  and  by 
the  good  effects  phthifical  patients  have  experienced  from  re- 
reipiring  carbonic  gas.  We  have  not,  however,  as  yet,  a 
fufficieiit  number  of  fafts  to  enable  us  to  determine  in  what 
cafes  .the  drffer;ent  gaffes  may  be  adminiilered  with  advantage, 
nor  in  what  proportion  they  oiight  tp  be  combined. 

Many 
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without  this  previous  knowledge,  it  will  ap- 
pear worthy  of  all  the  attention  wc  can  be- 
llow. 

Since 

Many  celebrated  philofophers  deny  the  abfoiption  of  oxi- 
gene  :  They  think  that  the  combination  df  oxigene  with  "hy- 
urogene  and  carbone  in  the  kmgs,  and  the  coniequent  evoln- 
tion  of  heat,  explain  in  a  fi|>;isfa6i;ory  manner  the  phenomemi 
of  refpiration."'  Dr.  Girtanner  has  made  feveral  experimerits, 
with  a  view  of  atfteftainiiig  this  Jraportant  £a£l ;  arid'thtiir  V<5- 
fult  feems  to  favour  the  opinion  of  the  abforption  of  oxigene ; 
They  prove,  at  leaft,  tlie  prefence  of  oxigene  in  arterial,  and 
of  carbone  and  hydrogene  in  venous  blood.  Dr.  Girtanner, 
not  content  with  this,  fuppofes  oxigene  to  be  the  principle  of 
im'tability :  But  bhe  confideratiori,  I  think,  dv'ei-tUrns  this 
hypothefis.^'  In  'fhe  fcetiis  the  blood  is  of  a  darker  cciloui' 
than  in' the  adult ;  yet  the' more  frequent  contractions  df  thef" 
heart  a'lld  arteries,  and  the  greater  effeft  produced  by  ftimuli,' 
prove  the  greater  irritability  of  the  Tcetus.  The'irritabl'liTy 
of  the  fyffem  gradually  decreafes  from  the  fiHt  moment  of 
life  to  that  of  its  extinction;  yet,  till  the  moment  of  birth, 
the'  fcetus  receives  oxigene  only  from  the  mother ;  and  that" 
the  quantity  it  receives  is  fmall,  appears  from  the  dark  colour 
of  the  placenta.  After  birth,  the  lUngs  perform  their  IFunc- 
ttons  irnperfedtly  for'  foitie  time.  This  is  evident  from  the  co- 
lour of  infants  being  darker''  than  'that  of  aduTts  j  and  llill 
more- fo-Trbm- the  ftory  of  the  blue  boy 'mentioned' by  Dr. 
Beddoes;  the  nght  Venti-icle  of  whdfe  heart' cbmmuriicated 
vi-.rl-i  th>«  'oft  one,  and  confequently  only  a  fmall  portion  of 

blood 
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Since  the  middle  of  the  laft  century  to  the 
prefent  time,  phyfiologifts  have  endeavoured  to 
afcertain  the  quantity  of  air  infpired,  or  how 

much 

blood  pafled  through  the  lungs:  neverthelefs,  for  the  lirff: 
year  the  boy  felt  no  inconvenience ;  but  at  the  end  of  that 
period  the  dreadful  fymptoms  commenced,  which  gradually 
i»creafed  till  he  died,  in  his  thirteenth  year.  Does  not  this 
cafe  prove,  that  the  change  the  blood  undergoes  in  the  lungs 
is  .  not  fo  ncceffary  the  firft;  year,  but  that  it  becomes  more 
and  m^ore  fo  as  we  advance  in  years  ?  Is  it  not  rational  to 
fuppofe  that  oxigene,  if  it  be  abforbed,  a6ls  as  a  ftimulus  on 
the  fyftem  ?  This  wrill  explain  why  Nature  has  permitted 
only  a  fmall  portion  of  it  to  be  received  into  the  fyftem  du- 
vmg  infancy.}  becaufe  the  irritability  being  then  greater,  a 
finaller  proportion  of  ftimulus  is  required ;.  but,  in  the  fame 
ratio  as  the  irritability  is  diminifhed,  the  ftimulus  is  increafed, 
till  we  arrive  at  the  acme  of  vigour,  when  the  quantity  of  ir- 
ritability and  ftimulus  may  be  fuppofed  to  be  on  a  par,  and 
the  lungs  come  to  their  full  growth. 

But  .though  it  is  not  yet  fufficiently  proved  that  oxigene  is 
abforbed ;  this  is  not  an  argument  againft  Dr.  Beddoes'  me- 
thod pf  cure,  in  phthifis.  As  it  is  demonftrated  that  the 
blood  receives  a  fupply  of  heat  in  the  lungs ;  the  phenomena 
of  phthifis,  afcribcd  to  the  abforption  of  oxigene,  may  be 
equally  well  explained  by  the  abforption  of  heat.  This  we 
fliall  l^e  the  more  convinced  of,  if  we  confider,  that  oxigenous 
gas  alone  undergoes  any  change  from  rcfpiration ;  which 
perhaps  depends  on'  the  more  loofe  combination  of  calonc 

with 


(   9  ) 


much  the  thorax  is  dilated  in  each  ordinary  in- 
fpiration  *.  A  late  author  has  come  very  near 
the  point.  As  many  experiments  have  been 
made  with  this  view,  and  as  a  great  deal  has 
been  written  on  the  fubjed ;  we  (hall  give,  in 
a  few  words,  an  account  of  the  moft  important 
experiments,  and  their  refult. 

The  firfl:  experiment  we  fhall  mention,  is  that 
made  by  Borelli  f  in  the  middle  of  laft  centu- 
ry.   Having  breathed  through  a  glafs-tube,  of 

B  which 

with  oxigene,  than  with  any  of  the  other  bafes :  and  the 
good  effeAs  of  the  combination  of  hydiogene  gas,  &c.  with 
atmofpheric  air,  mull  in  this  cafe'  be  explained  by  a  fmallci^ 
quantity  of  heat  being  given  out. 

Whatever  opinion  be  adopted,  it  is  evident,  that'  the  efFeftg 
of  the  air  refpired  on  the  fyftem  mud  vary  with  the  propor- 
tion of  its  conftituent  principles.  As  'that  ftate  of  the  fyftenl 
called  phlogiftic,  or  fthenic  diathefis,  is  always  accompanied 
with  an  increafe  of  heat,  and  as  it  is  proved  that  the  lungs  are 
the  fource  of  this  heat ;  may  we  not  diminifh  the  heat  of  the 
fyftem,  by  diminifhing  the  quantity  of  it  evolved  in  the  lungs  ? 
How  far  this  may  be  effedled  in  pneumonia,  &c.  rnuft  ht  de- 
termined by  future  experience. 

*  Goodwin  on  Animation. 

f  Bofelli  on  the  Motion  of  Animals,  p.  119  &  133. 
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which  the  volume  was  afcertained,  and  of 
which  one  end.  was  imnierfed  in  feme  bubbles 
offoap,  he  found  the  quantity  of  air  received 
into  the  lungs  in  one  infpiration,  to  be  about  1 5 
cubic  inches;  and  towards  the  end  of  the  ex- 
periment, to  be  between  18  and  20  cubic  in- 
ches. 

It  is  however  clear,  that  befides  the  friction 
and  other  caufes  which  render  this  experiment 
inaccurate,  it  is  liable  to  objeftion,  as  being  on- 
ly the  raeafure  of  one  infpiration.  For  as  re- 
fpiration  is  a  fundion  in  fome  degree  fubfervi- 
ent  to  the  will,  it  is  evident,  we  can  draw  no 
concUi lion  from  the  meafure  of  a  fingle  infpi- 
ration. 

The  next  author  we  (hall  mention,  who  at- 
tended to  this  fubje(5l  is  the  celebrated  Jarin, 
who  came  fo  near  the  truth,  that  we  fliall  give 
his  experiment  in  his  own  words.  "  In  confe- 
"  quence  of  an  experiment  he  had  made,  the 
"  celebrated  Borelli  imagined  the  quantity  of 
"  air  expelled,  in  an  ordinary  expiration,  to  be 

between 
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*'  between  i8  and  20  cubic  ounces.  It  is 
"  however,  different,  not  only  in  different 
"  men,  but  even  in  the  fame  man  at  different 
"  times.  I  irfade  the  experiment  thus.  I  fuf- 
*'  pended  a  weight  to  the  lower  part  of  a  blad- 
"  der,  which  I  had  previoully  moiftened,  and 
"  having  fixed  a  tube  of  about  an  inch  diame- 
*•  ter  in  the  upper  part,  I  flopped  my  noftrils, 
"  and  infpired  the  air  of  the  bladder  gently, 
"  during  three  minutes,  the  weight  remaining 
"  all  the  while  on  the  table.  I  then  plunged 
*'  the  bladder,  with  the  air  inclofed  in  it,  and 
"  the  weight  fufpended  to  it,  into  water  con- 
"  tained  in  a  cylindrical  veifel.  I  marked  the 
*'  height  to  which  the  water  rofe.  Then  hav- 
"  -in.g  fqueexed  the  air  out  of  the  bladder,  I 
"  again  plunged  it  into  the  water  with  the 
weight.  The  difference  of  the  height  to 
"  which  the  water  rofe  in  both  thefe  cafes,  was 
"  eafily  calculated.  Having  repeated  the  ex- 
"  periment  ten  times,  and  added  the  quantities 
"  together,  the  tenth  part  of  the  fum  total,  or 

"  the 
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"  the  proportional  difference  of  the  height  to 
which  the  water  rofe  in  both  cafes  was  found 
"  equal  to  35  cubic  ounces,  which  is  the  vo- 
"  lume  of  air  contained  in  the  - bladder  ;  and 
"  having  added  about  the  twelfth  part,  or  3 
"  ounces,  on  account  of  the  condenfation  of 
"  the  air  from  the  coldnefs  of  the  water,  as  it 
*'  was  winter,  we  fliall  have  38  cubic  ounces. 
*'  Befides,  a  little  muft  be  added,  both  on  ac- 
*'  count  of  the  preffure  of  the  water  on  the 
bladder,  and  of  the  moifture  which  is  expell- 
ed  with  the  air,,  and  foon  condenfed  by  the 
"  coolnefs  of  the  water  and  of  the  bladder.  I 
*'  then  calculated  the  quantity  of  air»  expelled 
*'  by  a  moderate  expiration  in  the  fpace  of 
"  three  minutes,  at  40  cubic  ounces.    In  the 
"  ftrongeft  expiration  1  expelled   125  cubic 
"  ounces  in  the  fpace  of  a  minute.    But  in  a 
very  ftrong  expiration,  continued  till  I  was 
*•  almoft  fufFocated,  I  expelled  220  cubic  oun- 
♦*  CCS  from  my  lungs.    From  whence  it  follows, 

"  that 
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"  that  there  is  more  air  in  the  lungs  than  can 
"  be  expelled  by  an  ordinary  expiration 

This  experiment  proves  that  the  quantity  of 
air  ufually  expired  is  equal  to  40  cubic  inches, 
the  accurate  Hales,  Haller>  and  Sauvage.,  who 
have  repeated  thefe  experiments,  have  agreed 
that  the  refult  was  the  fame.  But  as  it  is  only 
the  meafure  of  one  infpiration,  it  lies  open  to 
the  fame  objedlion  51s  the  former. 

The  laft  who  endeavoured  to  invjeftigate  this 
matter,  was  the  irigenious  Dr.  Goodwin,  he  differs 
very  much  from  thofe  whp  preceded  him  in 
this  career,  and  feems  to  h^ve  erred  by  not  fuf- 
ficiently  varying  his  experiments.  But  as  his 
reafoning  appears,  at  firft. fight,  very  accurate, 
it  is  neceffary  to  give  his  own  wordsi  "  We 
"  muft  now  eftimate  the  quantity  of  air  ufual« 
"  ly  refpired. .  This  can  be  pretty  accurately 
"  done,  if  we  endeavour  to  breathe  from  a  vef- 
*'  fel  full  of  air,  joined  by  means  of  a  tube,  to 

*'  anotlier 

f  Motte's  Abridgement  of  Philof.  Tranfaft.  v.  i.  p.  415. 
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another  full  of  water;  fo  that  a  certain  vo- 
lume of  water,  equal  to  the  volume  of  the  air 
infpired,  may  get  into  the  place  of  the  latter 
after  each  refpiration  ;  for  the  volume  of  wa- 
ter, fnbftituted  to  that  of  the  air  infpired, 
niuft  be  equal  to  the  volume  of  air  confumed 
in  infpiring. 

"  With  this  view,  I  thought  on  the  machine 
A  B  C  D  G,  Fig.  I.  of  which  the  veffel  D 
(which  I  call  the  pneumatic  one)  is  capable 
of  containing  more  than  loo  cubic  inches  of 
air.  The  tube  a  b  c  is  immerfed  in  water ; 
whilfl:  the  tube  E  is  received  into  the  mouth 
in  order  to  breathe  the  air  inclofed  in  the 
veffel.  But  as  the  veffel  D  is  fufpended  to 
A  B  ;  if  the  tube  a  b  c  ht  immerfed  into  the 
veffel  G' filled  with  water,  whilfl;  fome  per- 
fon  breathes  through  the  tube  E;  then  a 
volume  of  water,"  precilely  the  fame  with 
that  of  the  air  refpired,  will  get  into  its  place. 
On  the  other  hand,  the  weight  of  the  vo 
lume  of  water  will  be  fhewn  by  the  other 

"  fcale 
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fcale  C  ;  and  having  calculated,  we  fliall  find 
the  number  of  cubic  inches  of  water,  which 
"  entered  into  the  pneumatic  veffel  during  re- 
"  fpiration;  but  it  is  plain  that  the  number  of 
"  cubic  inches  of  water,  which  have  pafled  in- 
'*  to  the  veffel,  will  be  equal  to  the  number  of 
"  cubic  inches  of  air  refpired."  .... 

"  An  adult,  of  a  middle  fize,  and  in  good 
"  health,  endeavoured  to  refpire,  as  naturally 
•'  as  polTible,  from  the  pneumatic  veffel. 
"  ift  time,  he  infpired  37 

cubic  inches. 


"  id  time,  he  infpired  2^ 
*'  Another  perfon,  of  the  fame  ftature,  en- 
'  deavoured  to  breathe  out  of  the  veffel. 
"  At  the  firft  infpiration^  ,  -|,  - 

"  he  breathed       3!  V  cubic  inches." 
At  the  fecond,  o,^  - 

But  as  the  difference  of  the  refult  of  both 
hhel'e  experiments  may  be  fuppofed  to  proceed 
com  the  different  degree  of  attention,  he  thus 
Bfaried  it.  "  The  fame  man  infpired  and  ex- 
pired thirty  times  out  of  the  fame  veffel,  and 


as 
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"  as  nearly  as  poffible  with  the  fame  degree  of 
exertion  ;  and,  having  calculated,  we  found 

"  the  average  quantity  of  air  of  each  refpira- 

"  tion  to  be  2^  cubic  inches. 

"  The  fame  experiment  being  repeated  with 

"  the  greateft  care,  the  average  quantity  of 

"  each  refpiration  was  found  to  be  3  cubic  in- 

"  ches. 

"  Another  man,  of  the  fame  flature,  breath- 
"  ed  thirty  times  from  the  fame  veflel,  and  in 
'*  the  fame  manner;  and  the  average  quantity 
"  was  3^  cubic  inches.  Hence  it  follows,  that 
"  the  greateft  quantity  of  air,  received  into  the 
"  lungs,  during  each  natural  refpiration,  does 
"  not  exceed  cubic  inches  j  much  lefs  than 
"  what  Hales  and  Jurin  had  calculated." 

But  in  the  laft  differtation,  publiflied  by  the 
fame  author,  it  is  mentioned,  that  a  dull  kind 
of  pain  was  felt  in  the  cheft,  before  the  man 
had  finiflied  the  number  of  infpirations ;  and, 
having  removed  the  tube  from  his  mouth,  it 

was 
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was  neceflary  to  make  a  deep  infpiratidn,  which 
feerris  to  prove,  that  the  quantity  of  air,  receiv- 
ed into  the  lungs,  was  not  fufficient.  for  the 
purpofes  of  refpiration.  This  defedl  is,  hoW- 
ever>  attributed  by  the  author  to  the  imitation 
of  natural  refpiration,  which  could  not  coun-^ 
terbalance  the  difficulty  of  raiding  water  con- 
trary to  its  natural  gravity. 

As  an  attempt  to  breathe  in  the  open  air^ 
would  not  give  the  meafure  of  an  ordinary  in* 
fpiration  from  the  machine,  it  was  neceflary  to 
affift  the  acflion  of  the  lungs;  by  which  the 
quantity  received  was  much  increafed,  as  is  e- 
vident  from  the  following  experiment.  "  Three 
"  perfons  of  ordinary  ftature,  infpired  from  the 
"  pneumatic  veflel  thirty  times  fucceffively,  and 

took  in  as  much  air  at  each  time,  as  the  fen- 
"  fations  in  the  bread  feemed  to  require.  The 
"  average  quantity  of  air  taken  into  the  lungs 
"  at  a  lingle  infpiration, 

C  "  By 


cubic  inches." 
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'  **  'By  the  firft,  was    11  ' 
"  By  the  fecond,  14 
•«  By  the  third,  11* 
Thus  Dr.  Goodwin  concludes  the  quantity  of 
air  infpired.  to  be  equal  to  12  cubic  inches, 
which  are  dilated  by  heat  to  14;  and  as  the 
quantitj^'Of  air  remaining  in  the  lungs,  after  an 
ordinary  expiration,  is  near  '  iiDp  cubic 'inches ; 
he  concludes  the  pvoportiqn  of  the  dilatation 
of  the  lungs,  before  and  after  a  healthy  infpi- 
ration,  to  be  as  169  to  123. 

AlthougK  t)f.  C^do'dwi'n  has  candidly  men- 
tioned fome  of  the  caufes,  which  render  his  ex- 
periments inaccurate ;  there  are,  however,  others 
which  clearly  explain  the  difference  between 
the  refult  of  h'is  eJiperinients  and  thofe  of  Ju- 
lin.  For  befides' the  refiftance  of  tlie  column 
of  water  to  be  i^'ifed  contrary  to  its  natural 
gravity;  as  the  fpace  of  time  neceflkry  for  the 
water  to  flow  from  one  veffel  into  another,  docs 

not 


*  Goodwin  on  the  Connexion  of  Life  with  Refpiratlon. 
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not  differ  much  from  the  time  of  a  common  in- 
fpiration^  it  is  evident  that  the  air  iq  lhg  ipneu- 
matic  veffel  D,  fig.  i.  muft  be  iafonic  meafare 
expanded,  and  confequently,  the  moment  the 
mouth  is  removed  from  E,  the  external  air  will 
rufh  in  to  reftore  the  eq^uilibrium,  and  will  drive 
back  the  column  of  water  in  the  tube  q  b  e., 
even  before  a  proper  quantity  can  have  palTed 
into  the  veffel  D.  If  the  tube  a'b  c  be  large, 
the  quantity  of  water  driven  back  will  be  con- 
f'derable ;  and  if  it  be  fraall,  the  fpace  of  time 
neceflary  for  the  water  to  pafs  from  one  veffel 
into  another  being  longer,  and  the  reliftance 
made  by  the  air  rufliing  into  the  pneumatic 
veffel,  will  make  th?  error  ftill  greater. 

Thefe  objedions  may  however  be,  in  a  great 
raeafure,  obviated  by  the  ufe_  of  valves,  and  by 
raifing  the  water  to  the  f^me  height  in  both 
veffejs.  However,  in  the  different  experiments 
I  made  on  this  fubjecl,,  I  found  that  no  confi- 
dence could  be  placed  in  this  method,  on  ac- 
count of  the  many  inaccuracies  to  which  it  is 

liable : 


ItRble  J  although  it  may  fometimes  be  fervicea- 
ble.  I  freely  confcfs  that  it  was  by  chance  I 
firfl:  difcovered  how  inaccurate  it  was. 

E.  .p,  X,  .  JI, 

As  a  fhort  time  before  I  had  filled  feme  allan- 
toids  firft  with- inflammable  air,  and  afterward's 
with  my  breath,  the  idea  ftruck  me,  that  by 
means  of  a  tube  fufficiently  large,  and  wnth 
good  valves  joined  to  it,  I  could  pretty  accu- 
rately afcertain  the  quantity  of  air  ufually  re- 
fpired;  as,  on  account  of  the  large  volume  of 
the  allantoid,  the  average  quantity  of  the  num- 
ber of  refpirations  could  be  eafily  taken ;  and 
oxi  account  of  the  thinnefs  of  the  membrane, 
^he  air  could  never  be  much  condenfed. 


EXPERIMENT 


EXPERIMENT  I. 

Having  meafured  the  volume  of  the  allan^i 
told  D  in  two  different  manners,  firft  by  the 
quantity  of  water  it  was  capable  of  containing, 
and  afterwards  by  the  diameter  and  area  of  it, 
I  found  it  to  be  nearly  ^qual  to  2400  cubic  in- 
ches; and 'having  joined  to  it  the  machine 
A  B  C,  fig.  2d  and  3d,  confifting  of  two  pretty 
large  tubes  joined  at  right  ahgles,  in  which  are 
feen  the  two  valves  and  r,  fo  that  the  ain, 
without  any  unufual  effort,  can  be  infpired 
through  C,  and  expired  through  A;  the 
tubes  are  large,  the  valves  are  made  out  of  an 
allantoid,  and  are  fo  thin  that  the  fmalleft- force 
moves  thera>'.  J  then  began  to  expire,  and  did 
not  remove  my  mouth  from  the  tube  till  I  had 
jilled  the  allantoid ;  taking  care  to  flop  my  no- 
flrils  during  expiration.  The  allantoid  was  fill- 
ed, in  repeated  trials,  by  about  56  expirations 
as  natural  as  poffible.    So  that  if  you  divide 

2400 


C  2  *  ); 

2400  cubic  inches,  the  volume  of  the  allan- 
toid  by  56,  you  will  have  42,8  cubic  inches  as 
the  average  quantity  of  air  ufually  expired. 

Befides  the  allantoic  E  was  filled  with  atmo- 
fpheric  air  through  C,  and  the  quantity  infpir4 
ed  was  found  nearly  the  fame* 

Several  perfons,  of  the  middle  fize,  repeated 
this  experiment  H'ith  nearly  the  fame  refult. 
The  difference  was  fcarcely  ever  "more  than 
one  or  two  cubic  inches  *. 

I  always  took  care  that  the  valves  were  pro- 
perly fixed"  00,  fp  that  a  mar^  may  breatlid 
through  ABC  when  joined  to  the  allantoid. 

Surprifed  at  the  difference  between  the  refuit 
of  min«  and  Dr.  Goodwin's  experiments,  I  took 
.  two  broad  veffels,  which  communicated  with 
each  other  in  the  middle,  by  means  of  a  tube 
fupplied  with  valves,-  conftru<5led  in  fuch  a  pe- 
culiar 

*  The  volume  of  air  muft  neceflarlly  be  increafed  or  di- 
Himiftiacf,  according  to  the  degree  of  heat,  or  of  preffurC) 
}G  which  it  is  expofed. 
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culiar  manner  as  to  permit  the  water  to  paf$ 
only  into  the  veflel  from  which  L  infpired^  And 
in  order  to  be  able  to  make  many  infpirationj 
without  taking  off  the  mouth,  and  to  prevent 
the  external  air  from  rufhing  in,  the  machine 
ABC  was  put  into  the  place  of  the  tube  E:  on 
account  of  the  breadth  of  the  vefTels,  the  per- 
pendicular column  did  not  vairy  much.  By 
pouring  vv'ater  into  the  open  veflel,  it  was  pre- 
ferved  in  both  at  nearly  :the- fame  altitude.  The 
vefTel/  from  which  I  infpired,  was  fufpended  in 
a  bread  but  accurate  fcaie ;  but  the  refult  -of 
thefe  experiments  made  by  me  and  many  of  my 
friends,  was  fo.  different,  fometimes  fome- 
times  10,  fometimes  20  cubic  iHches,  and  the 
effort  was  fo  painful,  that  we  agreed  to  prefer 
the  allantoid. 

But  as  it  may  be  ohjedVed  to  this  method, 
that  the  attention  muft  be  neceffbirily  direded 
to  what  is  going  on,  and  that  the  allantoid  can- 
not always  contain  the  fame  quantity  of  air,  I 
determined  to  vary  the  experiment,  fo  as  eillver 

to 
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to  confirm  the  former  refult,  or  to  difcover  if 
there  had  been  any  mifhke.  A  method  whicb 
did  not  appear  liable  to  any  objedion,  and 
which  feemed  accurate,  was  that  propofed  by 
Boerhaave,  of  plunging  a  man  into  the  water 
up  10  liis.chin,  and  judging  of  the  dilatation  of 
the.  liings  .from  the.afcent  and  defcent  of  thft 
water.  I  know  of  no  perfon  who  has  tried  Lhi$ 
method.  But  fts  it,  is  neceflary  that  the  man 
fliould  he  placed  in  fufh  a  manner,  as  not  to 
be  obliged  to  move  any  Tpart  Jiis  body  ^bove 
the  furface  of  the  water ;  and  as  it  is  requifite 
that  the  afcent  and  defcent  of  the  water  ftiould 
be  accurately  marked;  it  is  evident,  that  if  a 
man  be  put  into  the  hogfliead  A.  B  C  D,  fig. 
4.  in  the  top  of  which  there  is  a  hole  large  g?-. 
nough  to  permit  his  head  to  pafs  out,  and  if- 
the' cylindrical  veffel  E  F,  be  well  fitted  about- 
his  neck  up  to  bis  chin,  the  iiogfliead  being; 
filled  with  water,  a  quantity  of  this  water,  e.- 
qual  in  volume  to  the  air  refpired,  will  alter- 
nately aftend  and  defcend  into  the  vefiel  £  F^- 

This 
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This  quantity  may  be  eafily  known  by  multi- 
plying the  altitude  to  wiiich  the  water  rifes  by 
the  area  of  the  cylindrical  veflel,  lefs  the  area 
of  the  neck ;  or  if  the  water  between  a  a  and 
^  ^  be  taken  out  and  meafured,  it  will  give  the 
ineafure  of  a  common  refpiration.  And  as  a 
man  may  remain  fome  hours  in  warm  water 
without  any  inconvenience,  there  will  be  time 
enough,  not  only  to  mark  the  height  to  which 
the  water  rifes,  but  alfo  to  avoid  any  errors.  I. 
thus  made  the  experiment. 

EXPERIMENT  it. 

A  healthy  man,  .5  feet  8  inches  in  height^ 
three  feet  and  fome  odd  inches  about  the  tho- 
rax, was  clofely  (liut  up  in  the  hogfiiead  A  B 
C  D,  fig.  4,  which  was  filled  with  water  heat- 
ed to  the  90th  degree  of  Fahrenheit's  thermo- 
meter, as  far  as  that  part  of  the  neck  which 
Was  bed  fuited  to  meafure  the  difference  of  af- 
cent  and  defcent.    This  dilTerence  was  about 

D  the 
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the  height  of  1. 25  inches.  His  pulfe,  both  be- 
fore and  after  immerfion,  beat  64  or  65,  and 
his  refpirations  were  14  or  14^,  in  the  fpace  of 
a  minute.  And  they  remained  the  fame  dur- 
ing the  two  hours  and  upwards  he  remained  in 
the  hogfhead,  without  any  inconvenience  in  a- 
ny  refped.  During  all  that  time,  the  diffe- 
rence  between  the  afcent  and  defcent  of  the 
water  was  irVir  inches  at  leaft.  Bat  when  he 
made  a  deep  infpiration,  fo  much  air  rufhed  in- 
to the  lungs,  that  the  water  pafled  out  through 
the  cylindrical  veffel.  But  as  the  area  of  the 
cylindrical  veffel  was  55.41  fquare  inches,  and 
,  the  area  of  the  neck  18;  (Z)  55.41—18x1. 

^5 

(2)  It  IS  evident,  that  if  the  area  of  the  neck  be  fubtrac- 
tcd  from  the  area  of  the  cylindrical  veffel,  it  will  give  the 
area  of  the  fpace  between  the  neck  and  the  fides  of  the  veffel ; 
now,  if  this  area  be  multiplied  by  1.25  inches,  the  altitude 
t6  which  the  v/atei-  rifes,  it  will  give  the  area  of  the  fpace 
wiiich  the  water  fills  between  the  neck  and  fides  of  the  veffel  t 
confequently  the  volume  of  the  water  itfelf,  and  confequeriily 
that  of  the  air  refpired  v^ill  be  found  out. 


(    ^l  ) 

25=46'7^  cubic  inches  as  the  quintitj  of  air 
ufuaUy  refpired  by  this  man.  This  experi- 
rnent  was  thrice  repeated  with  the  fame  refult, 
But  leaft  there  fhould  be  any  miftake,  I  made 
him  breathe  through  the  allantoid. 

EXPERIMENT  HI. 

The  fame  man  breathed  through  the  ma- 
chine ABC,  fig.  2,  into  the  allantoid  D,  which 
was  found  to  contain  2700  cubic  inches  of 
air''^;  and,  in  many  trials,  filled  it  with  58  ex- 
pirations, which  gives  46.55  cubic  inches  as 
the  quantity  of  air  expired;  this  calculation  is 
very  near  the  preceding  one.    But  as  it  was 

raanifeft 

*  I  ft,  A  cow's  bladder  filled  with  air  was  found  to  drive 
out  J70  cubic  inches  of  water,  and  the  allantoid  contained 
as  much  air  as  the  bladder;  confequently  2715  cubic  inches 
of  air.  2dly,  The  average  area  was  equal  to  70  fquare  inches, 
the  length  to  39.  Thus  39X70=2730.  The  average 
Slumber  of  thisr: 27512.5.  but  we  (hall  ufe  the  round  number 
2700. 
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inanifefl;  to  me,  that  the  refpirations  of  this  man 
were  never  more  than  14  and  14^  in  a  minute  f, 
it  appeared  probable  that  he  infpired  more  air  j 
th^n  other  men  of  the  fame  ftature.  In  order  ' 
to  afcertain  this,  and  to  be  able  to  cftimate  the 
average  quantity  of  air  refpired,  it  was  neceflTary 
tOi  examine  the  refpiration  of  a  man  of  fmall 
ftature, 

'■ 

EXPERIMENT  IV. 

Another  man^  only  5  feet  and  an  inch  in 
height,  was  fliut  into  the  fame  hogfliead,  ex- 
cept that  the  cylindrical  velTel  was  fomewhat 
changed.  The  pulfe  beat  72  ftrokes,  and  the 
number  of  refpirations  was  18  in  a  minute. 
The  water  was  heated  between  the  85th  and 
the  poth  of  the  thermometer  of  Fahrenheit. 

The 

f  In  the  laft  experiment,  the  number  of  refpirations  in  each 
■jpinute,-  was  equal  to  1 6  of  the  fame  man  ;  tlie  quantity  of  aii' 
refpired  was  however  nearly  the  fame,  viz.  46.73. 


\ 
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The  difference  between  the  afcent  and  delcent, 
during  a  long  time  he  remained  there,  was 
0,95  of  an  inch,  or,  in  common  fradlions, 
the  ^  parts  of  an  inch.  The  area  of  the  cy- 
lindrical veflel  made  ufe  of  in  this  experiment, 
was  equal  to  57.012  inches,  and  the  area  of 
the  neck  was  equal  to  14.0837  inches.  Hence 
(as  will  be  eafily  underftood  from  the  calcula- 
tion in  the  former  experiment)  57.012 — 
14.0837x0.95  =  40.781  cubic  inches,  as  the 
quantity  of  air  taken  into  the  lungs,  by  a  com- 
mon infpiration. 

This  was  confirmed  by  his  breathing  into 
the  allantoid,  which  gave  us  from  38  to  40  cu- 
bic inches  as  the  meafure  of  a  common  infpira- 
tion.  So  that  if  you  take  half  the  quantifies  of 
the  2d  and  4th  experiments,  you  will  have  43.77 
cubic  inches  as  the  average  quantity,  of  air 
refpired.  The  afcent  and  defcent  of  the  water 
were  carefully  marked'  by  means  of  the  glafs- 
tube  G,  fig.  4,  on  which  a  fcale  of  degrees  w-as 
cut;  this  was  not  however  quite  fo  ufefuL  as 

may 
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may  be  expedlecl,.  on  account  of  the  fliort  time 
the  water  remained  ftationary.  But  when 
fomething  had  been  fubtraded  *,  on  account 
of  the  attradion  between  the  water  and  the 
fides  of  the  tube,  the  meafure  of  the  afcent  and 
defcent  was  pretty  accurate.  So  that  if  it  may 
feem  neceffary  to  fubtrad  any  thing.f  more  on 
account  of  the  dilatation  of  the  air  by  the  heat: 
of  the  lungs,  we  may  ftill  compute  the  quanti- 
ty of  air  infpired,  at  40  cubic  inches. 

Dr  Goodwin  fuppofes,  that  only  109, cubic 
inches  of  air  remain  in  the  lungs  after  an  ordi- 
nary expiration,  and  that  the  proportion  of 
their  dilatation  after  an  ordinary  expiration  is 

to 

*  Viz.  1^ :  For  although  the  afcent  and  defcent  was  in 
reality  1.3,  inches  in  the  2d  experiment,  and  in  the  4th  expe- 
riment equal  to  l  inch  ;  yet,  on  account  of  the  attraction  be- 
tween the  water  and  the  fides  of  the  veffel,  the  firft  was  only 
eftimated  at  1.25,  and  the  latter  at  0.95. 

•f-  But  as  atmofpheric  air  is  dilated  by  every  degree  of  heat 
about  5    4°  cubic  inches,  heated  40°  will  be  increafed 

in  volume  by  3.38  cubic  inches.    For  3*^1^X40°  =  43.38. 
Thus  43.77-3.38  =  40.39. 
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to  that  of  their  dilatation  after  an  ordinary  itt-'^ 
fpiration  as  109  to  123  But  1  remarked 
that  many  men,  efpecially  when  (hut  up  in' 
hogflieads,  after  an  ordinary  expiration,  could' 
ftill  expel  70  cubic  inches  of  air  from  their 
lungs.  Hence  after  fuch  an  expiration,  only 
39  cubic  inches  of  air  will  remain  in  the  lungs.' 
Without  doubt  then,  as  appears  from  another* 
experiment  |,  Dr  Goodwin  fuppofes  that  109 
cubic  inches  of  air  remain  in  the  lungs  after  an 
extraordinary  expiration.  But  as  we  have 
found  70  cubic  inches  to  be  the  difference,  be- 
tween an  ordinary  and  an  extraordinary  expi- 
ration, this  number  added  to  the  former  or  to 
109,  will  give  179  as  the  quantity  of  air  re- 
maining in  the  lungs  after  an  ordinary  expira- 
tion. Now  the  former  experiments  Jhew  that 
the  quantity  of  air  expelled  by  an  ordinary  ex- 
piration is  equal  to  40  cubic  inches,  confe- 

quently 

*  Comexion  of  Life  with  Refpiration,  p.  37. 
f  Id.  p.  46. 
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quentiy  if  this  be  added  to  179,  we  fiiall  have 
aip  cubic  inches  as  the  quantity  of  air  contain- 
ed in  the  kings  before  expiration  :  Hence  the 
dilatation  of  the  lungs  before  and  after  an  ordi- 
nary expiration,  will  be  as  219  to  179  ;  or  in  o- 
ther  words,  the  thorax  will  be  increafed  by  a 
quantity  of  air  nearly  equal  to  a  cube  of  3f  in- 
ches which,  if  we  confider  how  much  the  tho- 
rox  and  abdomen  are  dilated  by  an  ordinary  in- 
fpiration,  feems  very  trifling.  The  difference 
between  an  extraordinary  expiration,  or  one 
made  with  fome  effort,  and  an  extraordinary 
infpiration,  I  often  found  to  exceed  ao©  cu- 
bic (T)  inches. 

SECT. 

{T)  Dr  Goodwin  expelled  ;the  air  from  the  lungs  of 
three  dead  bodies  of  an  ordinary  fize,  and  in  one  found  the 
quantity  of  air  272  cubic  inches,  in  another  250,  and  m  the 
third  262,  but  thefe  fubjefts  were  hanged;  and,  as  he  remarks, 
perfons  under  the  influence  of  fear  make  a  deep  infpiration, 
and  catinot  afterwards  expel  the  air  on  account  of  the  cord  U- 
ed  round  the  trachea. 
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SECT.  III. 

Although  then  the  Inngs,  before  and  after 
expiratioh,  are  much  more  dilated  than  Dr  Good-' 
win  had  fuppofed  ;  this  by  no  means  invali- 
dates his'  objedions  againft  Mailer's  theory  on 
the  facility  or  difficulty  of  the  paflage  of  the 
blood  through  the  lungs  in  the  different  ftages 
of  refpiration.  And  although  I  Ihould  by  no 
means  pretend  to  decide  on  the  fubje<5l ;  yet  it 
is  evident  from  Dr  Goodwin's  experiments,  par- 
ticularly when  he  induced  an  artificial  hydro- 
thorax  (i*),  that  the  blood  can  pafs  through  the 

E  lungs, 

(5)  The  chief  ufe  of  refpiration,  according  to  Haller,  is  to 
•  dilate  the  lungs  fo  as  to  permit  the  free  paflage  of  the  blood 
from  the  right  ventricle  to  the  left  auricle ;  but  as  Dr  Goodwin 
computed,  that  only  14  cubic  inches  of  air  were  taken  into  the 
lungs  by  each  ordinary  infpiration,  and  as  he  found,  that 
though  he  diminifhed  the  cavity  of  the  lungs  f  of  its  fpace,  by 
creating  ^in  artificial  hydrothorax,  the  animal  felt  no  great  in- 
convenience ;  he  hence  juftly  concludes,  that  though  refpiration 
Ihould  be  fufpended,  the  free  paffage  of  the  blood  from  the 

right 
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lungs,  whilft  they  are  in  a  greater  ftate  of  col- 
lapfe  than  ever  happens  during  natural  refpira- 
lion.  I  cannot  then  hefitate  in  coinciding 
■with  him  in  opinion,  "  That  the  dilatation  of 
the  lungs  is  not  the  final  caufe  of  refpiration.'* 

ANIMAL  HEAT. 

I  SHALL  next  venture  to  examine  how  the 
afcertainment  of  the  quantity  of  air  ufually  re-: 
'fpired  may  throw  light  on  the  generation  of  a- 
nimal  heat,  and  on  the  quantity  of  heat  gene- 
rated in  a  given  time. 

Mayovv  was,  I  believe,  the  firft  who  hinte4 

that 

right  to  the  left  fide  of  the  heart  would  continue,  if  there  had 
not  been  fome  other  caufe.  Dr  Mepzies's  experiments,  though 
they  prove  the  quantity  of  air  infpired  to  be  much  greater 
than  Dr  Goodwin  had  fuppofed,  do  not  deftroy  his  arguments 
againft  Haller's  theory  on  the  ufe  of  refpiration  ;  for  Dr 
Menzies  proves  that  between  ^  and  f  of  the  air  contained  in 
the  lungs  is  taken  in  by  a  fingle  infpiration,  and  Dr  Goodwin 
prov^jhat  the  lungs  may  be  reduced  to  y  of  their  volume 
vrith^reventing  the  paflage  of  the  blood. 
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that  animal  heat  was  generated  in  the  lungs ; 
this  was  during  the  lad  century.  Since  his 
time,  many  other  hypothefes  were  framed  and 
died  away;  fuch  as,  that  it.  depended  on  the 
fridion  of  the  fluids  againft  the  fides  of  the  vef- 
felsi  on  fermentation,  &c.;  and  that  the  air  ra- 
ther ferved  to  cool  the  blood. 

But  the  celebrated  Dr.  Black  made  it  appear 
probable,  more  than  20  years  ago,  that  animal 
heat  was  generated  in  the  lungs,  and  fupport- 
ed  his  opinion  by  many  ftrong  arguments;  vit, 
that  air  is  changed  in  the  fame  n'yinner  by  re- 
fpiration  as  it  is  by  combuftion,  which  he  beau- 
tifully demonftrated  by  pafling  air  changed  by 
each  mode,  through  lime-water;  next  that  the 
degree  of  heat  in  different  animals  is  in  propor- 
tion to  the  quantity  of  air  they  mephitize;  and 
that  the  foetus  in  utero  does  not  generate  heat 
till  it  has  begun  to  breathe. 

The  fame  philofopher  alfo,  by  remarking  the 
different  capacities  of  mercury  and  water  for 
heat,  and  by  eftimating  as  much  as  it  can  be 

done, 
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done,  the  heat  of  various  bodies,  laid  the  foun- 
dation of  the  dodrine  of  comparative  heat. 
Drs.  Jurin  and  Crawford  profecuted  the  fub- 
jedt  farther.  The  latter,  affifted  by  Dr.  Black's 
difcoveries,  clearly  proved,  in  my  opinion,  that 
animal  heat  is  derived  from  the  change  indu- 
ced on  the  air  in  the  lungs  (T),  by  which  its  ca- 
pacity for  heat  is  diminiftied,  and  a  quantity  of 
fenfible  heat  is  given  out.  Dr.  Crawford  has 
laid  it  down  as  a  principle,  that  the  quantity  of 
heat,  which  is  yielded  by  pure  air,  when  it  is 
converted  into  fixed  air,  and  aqueous  vapour,  is 

fuch 

(  T)  Dr  Crawford  concludes  from  his  experiments,  that  ani- 
mal heat  depends  on  eledlive  attraftion  ;  oxygenous  gas  is  re- 
ceived into  the  lungs ;  the  blood  is  returned  from  all  parts  of 
the  fyftem  impregnated  with  carbonated  hydi-ogene ;  cai-bonat- 
cd  hydrogene  has  a  greater  affinity  for  oxygenous  gas  than  for 
the  blood  ;  confequently  a  double  decompofition  takes  place, 
the  hydrogene  unites  with  the  oxygenous  gas,  and  the  heat  fe- 
parated  from  the  oxygenous  gas  unites  with  the  blood.  The 
arterial  blood  having  thus  recs'ved  a  fupply  of  caloric,  gives 
it  out  in  the  courfe  of  circulation,  and  receives  hydrogene  ia 
the  capillaiy  veffcls. 
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fiich  (as  if  it  were  not  diffipated)  could  raife  tho 
air  or  vapour  fo  changed  to  4  times  *. 

On  account  of  the  nicety  of  his  experiments 
with  refpedl  to  the  different  capacities  for  heat 
of  the  different  kinds  of  air,  and  on  account  of 
the  uncertainty  of  the  lowefl  degree  of  heat, 
which  he  by  no  means  imagines  to  have  afcer- 
tained  t,  many  objedions  have  been  made  to  his 
dodrine,  and  fome  perfons  have  totally  rejec- 
ted it. 

But  if  it  can  be  proved  that  animal  heat  is 
not  only  generated  in  the  lungs,  but  that  the 
quantity  of  it  thus  generated  can  be  eftimated 
independently  of  any  theory  of  the  nature  of 

heat 

*  This  paragraph  Is  rather  obfcure  In  the  original,  but 
the  words  of  Dr  Crawford  himfelf  are,  "  The  quantity 
*'  of  heat  yielded  by  pure  air,  when  it  is  converted  into 

fixed  air,  and  aqueous  vapour,  is  fuch  (if  it  were  not 
*•  diflipated)  as  would  raife  the  air  and  vapour,  fo  changed, 
*'  to  more  than  four  times  the  excefs  of  the  heat  of  red  hot 
*  iron  above  the  common  temperature  of  the  atmofphere." 

t  Crawford  on  animal  heat,  p.  375. 
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heat  itfelf,  and  without  any  calculation  of  th<! 
different  capacities  of  the  different  airs  or  of 
the  loweft  degree  of  heat  •  it  will  ferve  to  cpn- 
firm  the  conclufions  of  the  ingenious  Br.  Craw- 
ford, as  the  refult  will  be  found  the  fame, 
though  arrived  at  hy  a  different  mode  of  rea^ 
foning. 

ifl.  The  following  circumflances  render  it 
probable,  that  animal  heat  is  generated  in  the 
lungs;-  thofe  animals  alone,  which  have  lungs, 
and  breathe  air,  can  preferve  themfelves  in  a 
degree  of  temperature  fuperior  to  that  of  the 
furrounding  bodies  (^^);  and  their  degree  of 

heat- 

(IV)  Another  queftion  intimately  connedled  with  this,  is 
the  power  of  animals  to  generate  cold,  or  to  fj^ak  more  phi- 
lofophically,  to  preferve  tliemfelves  below  the  temperature  of 
the  medium  they  live  in,  if  it  be  exceffive.  The  increafed  eva- 
poration had  b^en  fuppofcd  the  caufe,  bnt  as  it  happens  equal-  t 
ly  in  a  dry  or  a  moift  atmofphere,  Dr  Crawford  concludes  that  i 
fome  othtr'  caufe  muft  contribute  to  it ;  his  eltperiments  prove 
that  lefs  air  is  raephitized  by  refpiration  in  a  warm  than  in  a 
cold  medium,  in  other  words,  that  lefs  hydrogene  is  given  out 
by  the  lungs  in  the  former  than  in  the  latter  cafe ;  but  this 
hydrogene  he  fuppofes  to  be  combined  with  the  blood  in  the 

capillaiy 
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heat  is  in  proportion  to  the  volume  of  their 
lungs,  and  to  the  quantity  of  air  infpired  in  a 
given  time.  Thus  birds,  whofe  lungs  are  proi. 
jjortionably  larger  than  thofe  of  other  animals, 
and  who  mephitize  more  air  in  a  given  time, 
are  found  to  have  very  warm  blood.  On  the 
contrary,  fiflies  and  amphibious  animals  have 
their  blood  more  or  lefs  warm  according  to  the 
quantity  of  air  they  require. 

adly,  It  will  appear  that  animal  heat  de- 
pends on  the  change  the  blood  undergoes  in 
the  lungs  from  the  adion  of  the  air,  if  we  at- 
tend to  what  takes  place  in  combuftion.  For 
in  the  combuftion  of  wax,  of  coal,  which  can- 
pot  be  kept  up  without  vital  air,  we  find  the 

air 

capillary  veffds,  and  heat  confequently  given  out ;  hence  lefs 
hydrogene  is  coinbiiied  with  the  blood  in  a  warm  temperature, 
and  confequently  lefs  heat  given  out ;  in  other  words,  a  degree 
of  cold  is  produced.  By  evaporation  the  furface  of  the  body 
is  cooled,  and  by  the  union  of  a  fmaller  proportion  of  oxyge- 
nous gas  with  hydrogene  in  the  lungs,  a  fmaller  quantity  of 
heat  is  given  out  there. 
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air  in  which  the  combuflion  had  taken  place 
to  be  deftrudive  to  animal  life,  incapable  of 
fupporting  the  flame  of  a  candle,  and  a  part  of 
it  to  be  converted  into  fixed  air.  The  very 
fame,  as  Dr.  Black  has  proved,  happens  in  rc- 
fpiration. Befides  from  Lavoifier's  accurate  a- 
ralyfis  of  atmofpheric  air,  73  parts  of  it  confift 
of  nitrogene  gas,  and  27  of  oxygenous;  and  the 
latter  of  thefe  alone  is  changed  by  combuflion 
or  refpiration  (X).  But,  in  the  combuftion  of 
coal,  it  is  proved  that  this  part  of  atmofpheric 
air  is  entirely  converted  into  fixed  air,  and  that 
a  pretty  large  quantity  of  heat  is  generated. 
As  in  refpiration  th«  air  undergoes  a  fimilar 

change, 

{X)  This  is  proved  by  the  following  experiment.  If  an 
animal  be  placed  in  a  jar  inverted  over  water  or  mercury,  in 
fome  time  it  will  perifli ;  the  air  will  be  dimini/hed  in  volume, 
and  the  portion  remaining  will  be  found  to  confift  of  phlogifti- 
cated  or  nitrogenous  gas,  with  a  fmall  portion  of  oxygenous 
gas  diffufed  in  fuch  a  manner  as  to  be  unfit  for  the  purpofes  of 
refpiration. 
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change,  we  are  authorifed  to  conclude,  that  an 
equal  quantity  of  heat  is  evolved. 

But  this  is  not  fupported  by  analogy  alone. 
For  the  experiments  of  Crawford  ^,  Lavoifier  and 
De  la  Place  |,  prove  that  when  equal  quantities  of* 
air  are  vitiated  by  refpiration  and  combuftion, 
equal  degrees  of  heat  are  evolved.  The  cele- 
brated Crawford  found,  that  if  an  animal  was 
Ihut  up  in  a  veffel  furrounded  with  water,  and 
protedled  from  the  accefs  of  air  by  very  foft 
wool,  loo  meafures  of  air,  each  containing  an 
ounce,  vitiated  either  by  this  animal's  refpira- 
tion, or  by  the  combuftion  of  wax  or  coal,  com- 
municated the  following  quantities  of  heat  to 
31 J  lb.  7  oz.  of  water. 

F  100 

*  On  animal  heat. 

•f  Memoire  fur  la  chaleur. 

X  The  weight  meant  here,  and  in  other  parts  of  the  diflfer- 
l  tation,  is  that  ufually  called  troy  weight. 


loo  meafures" 
of  vital  air  vi- 
tiated  by  the 


Degreea, 

combuftion  of  coal,  gave  19.3 
 wax,  21 


refpiration  of  a  guinea-pig,  17.3* 
But  as  each  degree  of  Crawford's  thermome- 
ter makes  only  one  tenth  of  a  degree  of  Fah- 
renheit's, it  is  very  evident,  if  a  thoufand  fuch 
meafures  were  vitiated  by  the  combuftion  of 
wax,  and  the  refpiration  of  a  guinea-pig,  that 
the  difference  between  the  quantities  of  heat 
given  out  to  31  lb.  yoz.  of  water  will  make  3.7 
degrees  of  Fahrenheit's ;  the  difference  between 
the  quantities  given  out  by  the  combuftion  of 
coal,  and  the  refpiration  of  a  guinea-pig,  will 
be  equal  to  a°  of  Fahrenheit's  thermometer, 
or  the  heat  communicated  to  the  water  by  the 
guinea-pig,  will  be  two  degrees  lefs  than  that 
communicated  by  the  combuftion  of  coal. 
But  from  the  feries  of  experiments  of  Lavoi- 

fier 

*  On  animal  heat,  p.  351. 
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fier  and  De  la  Place  *,  it  appears,  that  the  heat 
communicated  by  the  refpiration  of  a  guinea- 
pig,  when  equal  quantities  of  air  were  vitiated, 
was  greater  than  that  generated  by  the  com- 
buftion  of  coal,  in  the  proportion  of  13^  to  10.3. 
I  am  forry  I  cannot  repeat  thefe  experiments 
with  the  Calorimeter  f,  the  only  method  of 
doing  it  accurately.  But  as  cotemporary  au- 
thors have  fuppofed  the  degree  of  heat  faid  to 
be  communicated  by  the  guinea-pig,  to  be 
fomewhat  exaggerated,  and  as  the  refult  of 
their  experiments  was  almoft  the  fame,  we 
think  we  may  fafely  take  the  average  number 
as  a  rule,  fince  the  difference  probably  proceed- 
ed from  the  different  conftrudion  of  the  inflru- 
ments  employed,  and  we  Conceive  it  to  be  fuf- 
ficiently  demonflrated,  that  when  equal  quan- 
tities 

*  Memoire  fur  la  chaleur,  lu  1783. 

f  An  inftrument  which  meafures  the  degree  of  heat  by  the 
melting  of  ice,  and  is  defcribed  in  Lavoilier's  Elementg  of 
Chemiftry, 
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tities  of  air  are  vitiated,  whether  by  refpira- 
tion  or  the  combuftion  of  coal,  nearly  equal 
quantities  of  heat  are  generated. 

As  the  quantity  of  heat  generated  when  a 
given  quantity  of  fixed  air  is  produced  by  the 
combuftion  of  coal,  has  been  lately  demonftrat- 
ed  by  Lavoifier  *  ;  and  as  the  quantity  of  air 
ufually  refpired  has  been  afcertained,  it  is  evi- 
dent that  the  quantity  of  heat  (F)  generated  in 

the 

*  Elements  of  Chemiftry,  p.  loi. 

{F)  The  experiments  of  Monf.  Lavoifier  prove  that  *  of 
the  oxygen  v^hich  difappears  in  refpiration  are  confumed 
in  the  formation  of  carbonic  acid  gas  by  the  combination 
of  oxygen  v?ith  the  carbone  of  the  blood,  the  remain- 
ing 4"  is  either  abforbed  by  the  blood,  or  is  expended  in 
the  formation  of  water  with  the  hydrogene  of  the  blood  ; 
the  latter  opinion  feems  probable  to  Monf.  Seguin,  (Vid. 
Medicine  eclairee  par  les  fciences  phyfiques,  torn,  i.^ 
who  thinks  that  the  arterial  blood  becomes  venous  in  the 
extremities  of  the  arteries  by  abforbiiig  hydrogene,  and  that 
vice  verfa  the  venous  blood  becomes  arterial  by  giving  out  itg 
hydrogene  in  the  lungs  j  this  hydrogene  he  imagines  to  hold  a 
confiderable  quantity  of  carbone  in  folution.  Monf.  Seguin's 
opinion  of  the  oaufe  of  animal  heat  fcarce  differs  from  Dr 
Crawford's ;  oxygen  gas  he  thinks  is  decompofed  in  the  lungs, 

on 
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the  lungs,  in  any  given  time,  could  be  alfo 
found  out,  were  we  able  to  eftimate  the  quan- 
tity of  fixed  air,  in  air  which  has  been  once 
breathed.  The  following  experiments  were 
made  with  this  view. 

EXPERIMENT  I. 

A  quantity  of  air  only  once  refpired,  was 
prefTed  out  of  the  allantoid  £,  by  means  of  the 
curved  tube  a  b  c,  m  which  there  is  a  cock  at 
d,  into  the  bottle  F  G,  till  it  was  filled.  Left 
any  part  of  the  fixed  air  fhould  have  been  ab» 
forbed  by  the  water,  fome  oil  was  poured  into 
the  bottle  before  the  air  was  introduced.  The 
bottle  was  then  removed  from  the  veflel  A  C, 

and 

on  account  of  the  affinity  of  carbonated  hydrogene  for  oxygenc 
being  greater  than  that  of  oxygene  for  caloric,  and  of  carbonat- 
ed hydrogene  for  the  blood  ;  water  and  carbonic  acid  gas  are 
formed  ;  caloric  confequently  given  out,  which  unites  with  ve- 
nous blood,  the  capacity  of  which  for  heat  is  increafed  by  lof- 
ing  its  carbonated  hydrogene,  and  thus  venous  blood  becomes 
arterial. 
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and  was  inverted  into  a  veflel,  fig.  6,  filled  with 
eauftic  alkali ;  the  barometer  was  in  the  mean 
time  attended  to,  and  the  degree  of  heat  mark- 
ed by  the  thermometer,  fig.  7.    The  air  in  the 
bottle  was  ftiaken,  and  left  in  contadt  with  the 
eauftic  alkali  till  all  the  fixed  air  was  abfbrbed. 
Then  the  bottle  was  put  into  the  veflel  A  C, 
and  plunged  into  the  water,  till  the  eauftic  al- 
kali in  the  bottle,  and  the  water  in  the  vefl^el 
were  at  the  fame  height.    Then  having  ftop- 
ped  the  bottle  with  a  cork,  and  placing  it  on 
its  bottom,  it  contained  a  quantity  of  eauftic  al- 
kali, which  accurately  weighed  gave  the  quan- 
tity of  fixed  air  abforbed,  after  fome  corrections 
being  made  on  account  of  the  afcent  and  def- 
cent  of  the  mercury  in  the  barometer,  and  the 
difference  of  temperature  in  the  bottle. 

Thus  the  bottle  contained  2038.5  cubic  in- 
ches; the  temperature  of  the  air  of  the  bottle 
was  59°  of  Fahrenheit's  thermometer,  the  alti- 
tude of  the  mercury  in  the  barometer  was  29.87 
inches ;   the  temperature  of  the  air  after  two 

days, 
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days,  was  57.5°;  the  altitude  of  the  mercury 
in  the  barometer  was  29.37  inches ;  the  cauftic 
alkali  of  the  bottle  weighed  5  lb.  9,^  oz.  equal 
to  13 1.27 13  cubic  inches.  But  on  account  of 
the  afcent  of  the  barometer,  it  is  neceffary  to 
fubtra£t  20.9  cubic  inches;  and  6.471  cubic 
inches,  becaufe  the  air  in  the  bottle  was  render- 
ed 1.5°  of  Fahrenheit's  thermometer,  colder. 

For  as  the  volume  of  elaftic  fluids  is  in  the 
inverfe  proportion  of  the  weight  prefling  on 
them,  29.37  •  29.07=2038.5:  xz=2oiy.6;  and 
2038.5 — 2017.6=20.9. 

And  as  atmofpheric  air  is  expanded  by  ^tt.t 
of  its  volume  for  every  degree  of  Fahrenheit's 
thermometer,  *|tt  tX  1.5 °=6. 47 1.  So  131.2713 
— 20.9 — 6.471  =  103.9,  the  number  of  cubic  in- 
ches of  fixed  air  in  2038.5  inches  of  air  once 
refpired ;  a  quantity  lefs  than  rVth  of  the 
whole;  for  'I4f:f=i9.6. 

But  lead  any  part  of  the  fixed  air  fhould  be 
abforbed,  oil  was  ufed  infl:ead  of  water, 

EXPERIMENT 
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EXPERIMZNT  11. 

The  bottle  A,  fig.  6,  was  filled  with  air  once 
refpired  and  pafled  through  oil :  A  contains 
179.812  cubic  inches. 

The  thermometer  and  barometer  were  as  in 
the  laft  experiment.  The  cauftic  alkali  after 
two  days,  weighed  ounces,  and  meafured 
11.451  cubic  inches.  But  29.37:29.07 
=  179.812  :  »=I77.973.  And  179.812 — 
i77-973=»-839J  and      '  t-Xi.5°=o.57o7. 

Thus  11.451 — 1.839 — 0.5707=9.042,  the 
quantity  of  fixed  air  found  in  179.8  cubic  in- 
ches of  air  once  refpired;  for  V. 

The  fame  experiment  being  repeated  with 
the  fame  bottle,  3  oz.  and  i  drachm  only  of 
cauftic  alkali,  meafuring  5.9148  cubic  inches, 
were  found  in  the  bottle.  But  as  during  this 
time  the  mercury  in  the  bottle  has  fallen  the 
Ts-  of  an  inch,  3.817  cubic  inches  muft  be  add- 
ed to  that  quantity.    And  as  the  air  in  the 

bottle 
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bottle  was  found  of  a  degree  colder  towards 
the  end  than  at  the  beginning  of  the  experi-^ 
ment,  0.3044  parts  of  an  inch  are  to  be  fub- 
tradled  from  it. 

.For29.2!  29.82=179.812  :      183.629;  and 
18^.629 — 179.812=3.817;    and  -1'^%. 
=0.3044* 

So  that  5.9148  +  3.8  1 7 — 0.3044=9.427. 
And  ■^:;a^.=  i9.o7. 

In  frequently  repeating  thofe  experiments 
through  the  large  and  fmall  bottles,  whilfl  the 
ftate  of  the  thermometer  and  barometer  were 
carefully  attended  to,  the  greateft  variation 
was  20.1.  So  that  the  average  number  will  be 
19.6. 

Some  experiments  were  alfo  made  with  a 
view  of  difcovcring  the  quantity  of  fixed  air  in 
the  room  where  thefe  experiments  were  made  5 
but  the  quantity  of  fixed  air  in  2038.5  cubic 
inches  of  air  refpired,  was  found  fo  fmall  as  to  be 
fcarce  perceptible.    If  any  calculation  be  ven- 

G  tured 
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tiired  on,  the  quantity  of  fixed  air  may  be  efti- 
mated  at  the  ,V  or      part  of  air  once  refpired. 

SECT.  IV. 

Thus,  if  the  quantity  of  air  commonly  in- 
fpired,  be  eftimated  at  40  cubic  inches,  and  the 
number  of  refpirations  at  18  in  a  minute,  720 
cubic  inches  will  be  infpired  in  the  fpace  of  a 
minute;  of  which  quantity  only  the  or 
194.4  cubic  inches  confift  of  vital  air,  the  only 
conftituent  of  atmofpheric  air  changed  by  re- 
fpiration.  But  the  parts  only  of  atmofphe- 
ric air  are  changed  in  each  refpiration.  Hence 
36  cubic  inches  of  fixed  air  are  generated  in 
the  fpace  of  a  minute  in  the  lungs  of  a  middle- 
fixed  man,  or  51840  cubic  inches  in  the  fpace 
of  a  day;  a  quantity  of  air  weighing  22865.5 
grains,  or  3.9697  lb.  troy  weight.  And  as  the 
celebrated  Lavoifier  has  accurately  calculated, 
that  for  every  pound  of  fixed  air  generated  by 

the 
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the  combuftion  of  coal,  a  quantity  of  heat  was 
evolved  which  would  melt  27.02024.  lb.  of 
ice ;  and  as  the  fame  quantity  of  heaf  is  gene- 
rated in  air,  vitiated  either  by  refpiration  or  by 
the  combuftion  of  coal,  it  follows,  that  the  quan- 
tity of  air  vitiated  daily  in  the  lungs  of  an  or- 
dinary man,  will  give  out  nearly  as  much  heat 
as  would  melt  107.2  lb.  of  ice.    For  27.02024 
X  3.9697=107.2622.    But  as  a  portion  of  this 
heat  is  carried  off  in  the  air  expired  under  the 
form  of  fenlible  heat,  and  as  a  portion  is  em- 
ployed in  the  formation  of  vapour,  or  is  render- 
ed latent,  thefe  quantities  can  be  calculated  in 
the  following  manner.  ^ 

As  a  cubic  *  inch  of  atmofpheric  air  weighs 
0.32 1 12  parts  of  a  grain,  40  cubic  inches  will 
weigh  12.8448  grains.  But  the  parts  of 
this  quantity  being  converted  into  fixed  air,  if 
the  whole  remains  free  from  moifture,  it  will 
gain  0.19794,  fo  that  it  will  weigh  13.04274 

grains, 

*  Lavoifier's  Elements  of  Chcmiftry, 
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grains.  Hence  the  air  expired  during  the  fpace 
of  a  minute  will  weigh  234.7693  grains,  or  that 
expired  ■  during  an  entire  day  will  weigh 
338067.82  grains,  or  58.692  lb.  But  if  air  of 
this'  kind  be  fuppofed  to  have  the  fame  capaci- 
ty for  *  receiving  heat  as  water,  it  follows  that 
the  fame  degree  of  heat  which  would  raife 
58.69  lb.  of  water  fome  degrees,  would  alfo 
raife  the  air  to  the  fame  degree.  But  the 
quantity  of  heat  requifite  to  raife  58,69  lb.  of 
water  to  the  66th  degree  of  Fahrenheit's  ther- 
mometer, is  equal  to  that  which  would  melt 
27.6692  lb,  of  ice;  for  fince  140  degrees  of 
heat  become  latenr  in  the  formation  of  each 

pound  of  water,  lM?x66^_^^  55  2. 

140 

Confequently  the  fame  degree  of  heat  will 
be  daily  evolved  in  the  lungs  under  the  form  of 
fenfible  heat. 

The  important  difcovery  of  latent  heat  fliews 
that  a  great  quantity  of  heat  is  abforbed  during 

the 

f  C:-awford  fuppofes  it  to  have  lefs  capacity  for  heat. 
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the  formation  of  vapour,  without  an  increafc  of 
temperature.  And  it  appears  from  the  experi^ 
ments  of  Mr.  Watt,  that  the  heat  thus  abforb- 
ed  or  rendered  latent,  would  raife  the  tempe- 
rature of  a  body  of  the  fame  fpecific  gravity  and 
capacity  for  heat  as  water,  although  it  could 
not  be  converted  into  vapour,  960  degrees  more 
than  before. 

I  weighed  accurately  a  large  allantoid,  and 
then  fixed  it  on  the  above-mentioned  machine  ; 
the  allantoid  being  empty,  I  filled  it,  by  means 
of  the  machine,  with  air  expired.  After  the 
allantoid  being  left  fome  time  to  cool,  and  then 
carefully  weighed,  it  was  found  to  gain  two 
grains  by  every  expiration;  which  coincides 
remarkably  with  an  experiment  made  by  Dr. 
Hales,  who  when  he  had  breathed  through  fome 
moiftened  diaphragms,  found  they  gained  fix 
grains  in  the  fpace  of  three  minutes  Al- 
though in  the  laft  experiment,  in  which  he 

breathed 

*  V'-gctable  Statics,  vol.  i,  p.  268. 
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breathed  through  burning  coals,  which  abforb, 
ed  the  fixed  air  of  the  lungs  and  the  moillure, 
he  concludes  the  humidity  to  have  been  great- 
er. Thus  if  you  fubtradl  two  grains  of  aqueous 
vapour  every  minute,  without  attending  to  what 
may  be  fubtracled  on  account  of  the  difference 
between  the  weight  of  fixed  and  vital  air,  you 
will  fubtradl  6  oz.  or  0.5  of  a  lb.  daily.  But  if 
the  temperature  of  a  body  incapable  of  being 
evaporated,  of  the  fame  capacity  for  heat  as 
water,  weighing  0.5,  be  increafed  960°,  this 
heat  will  diflblve  3.42854  lb.  of  ice.  For 

P^°^°--^=  1.4285.    But  as  Dr.  Crawford  com- 
140 

putes  the  relative  heat  of  aqueous  vapour  at 
1.55,  a  quantity  of  heat  will  be  fubtradled 
which  would  dilfolve  i  lb.  and  0.8856  hun- 
dredth parts  of  ice  more  than  if  its  capacity  for 
heat  had  been  the  fame  with  that  of  water;  or 
in  other  words,  all  the  heat  daily  confumed 
in  the  lungs  in  the  formation  of  aqueous 
vapour,  would  diffolve  5.3141  lb.  of  ice.  So 
that  all  the  heat,  daily  evolved  in  the  lungs, 

under 
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under  the  form  of  fenfible  heat  and  va-* 
pour,  would  diflblve  32.9833  lb.  of  ice.  For 
27.6691+5.3141  =  32.9833. 

But  as  it]was  before  demonftrated,  that  in  the 
fpace  of  a  day  a  quantity  of  heat  was  evolved, 
by  the  change  induced  in  the  air,  in  the  lungs, 
which  would  diffolve 

loy. 16211 

{■lb.  of  ice. 
Subtract  from  thence    32.9833  j 

There  win  remain  74.2789  lb.  of  ice,  which 
would  be  the  quantity  capable  of  being  dilTolv- 
ed  by  the  heat  daily  evolved  in  the  lungs  of  an 
ordinary  man.  But  it  is  neceflary  the  blood 
Ihould  abforb  the  heat,  becaufe  it  is  expofed  to 
its  adion  in  the  lungs  for  the  fpace  of  fome 
hundreds  of  fquare  feet^,  and  becaufe  this  fluid 
is  admirably  calculated  to  diffufe  heat  through 
all  the  body. 

The  degree  to  which  the  blood  is  heated  in 

its 

*  Hale's  Statical  Eflays,  vol.  I.  p.  239,  and  the  celebrated 
Dr  Monro*s  leftures. 
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its  paffage  through  the  lungs,  may  be  eftimat* 
ed  in  the  following  manner.  For  as  the  quan- 
tity of  blood,  which  pafles  through  the  lungs 
in  the  fpace  of  a  minute,  may  be  eftimated  at 
8  lb.  if  we  fuppofe  the  heart  to  propel  an  ounce 
and  a  half  in  each  fyftole;  and  if  we  fuppofe 
blood  to  have  an  equal?  capacity  for  heat  with 
water,  it  is  evident  that  the  quantity  of  heat 
which  would  make  8  lb.  of  water  rife  to  any 
given  point,  would  alfo  make  8  lb.  of  blood 
rife  to  the  fame  point.  But  as  the  quantity  of 
heat  abforbed  during  the  fpace  of  a  day  by  the 
blood,  has  been  demonftrated  fufficient  to  dif- 
folve  74.27  lb.  of  ice;  the  quantity  abforbed 
each  minute  could  only  diflblve  the  0.05158  of 
a  lb.  of  ice.  Belides,  fince  140°  of  heat  are 
requifite  to  liquefy  1  lb.  of  ice,  or  become  la- 
tent, i:  140=0.05158  :  a;=7. 22",  or  the  quanti- 
ty of  heat  requifite  for  diflblving  0.05158  of  a 
lb.  of  ice,  would  increafe  the  temperature  of  a 
lb.  of  water  by  7.22",  or  8  lb.  by  0.90265  of  a 
degree  of  the  thermometer  of  Fahrenheit.  Thus 

the 
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the  heat  generated  each  minute  in  the  lungs  of 
an  ordinary  man,  would  raife  the  temperature 
of  the  blood  palling  through  them  in  that  fpace 
of  time,  by  0.90265  of  a  degree,  if  blood  had 
an  equal  capacity  for  heat  with  water. 

But  as  Dr,  Crawford  concludes  that  ttie 
(V)  comparative  h9at  of  venous  blood  bears  the 
fame  proportion  to  that  of  water  as  0.8928  to  i, 
it  is  evident,  that  the  fame  degree  of  heat  which 
would  raife  venous  blood  one  degree,  would 
raife  the  fame  quantity  of  water  only  0.8928  of 
a  degree,  or  that  their  temperatures  are  in  the 
inverfe  proportion  of  their  capacities  for  heat. 

Thus  the  quantity  of  heat  which  would  raife 
8  lb.  of  water  0.90265  of  a  degree,  would  raife 

H  the 

(F)  Dr  Crawford's  experiments  prove  that  the  blood 
which  pafles  from  the  lungs  to  the  heart  by  the  pulmonary 
vein,  contains  more  abfolute  heat  than  that  which  paffes  from 
the  heart  to  the  lungs  by  the  pulmonary  artery.  This  a- 
mounts  to  a  demonftration  that  the  lungs  are  the  fource  of  a- 
nimal  heat. 
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the  fame  quantity  of  venous  blood  1.01103®;  for 
0.8028: 1.0000=0.0026:;  ::9£_26p<j 
^      ^  0.8928 

And  as  he  lays  down,  that  the  capacity  of 
venous  blood  for  heat  is  increafed  by  its  becom- 
ing arterial,  in  the  proportion  of  0.8928  to  1.03; 
if  venous  blood  is  raifed  1.01103°  ^^^^ 
evolved  in  the  lungs,  it  follows  that  arterial 
blood  will  be  raifed  only  0.8763:  for  as 
1.03:0.8928=  1. 01 103:^^=0. 8763. 

Thus  0.13^68  parts  of  a  degree  of  Fahren- 
heit's thermometer,  equal  thejquantity  of  heat 
which  becomes  latent,  although  the  capacity 
of  the  blood  for  heat  is  increafed  in  the  fame 
proportion ;  for  i.ci  103 — 0.87635=0.13468. 

Therefore  the  blood,  in  its  paffage  through 
the  lungs,  gains  i.oi  103,  or  more  than  one  de- 
gree of  Fahrenheit's  thermometer,  and  its  tem- 
perature is  increafed  0,8763  of  a  degree.  From 
whence  it  follows  that  the  blood  in  the  left  fide 
of  the  heart  is  warmer  than  that  in  the  right 
by  To  of  a  degree.  This  feems  confirmed  by  an 

experiment 
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experiment  of  Hunter's  on  a  live  dog,  which  I 
ihall  give  in  his  own  words. 

"  The  ball  of  a  thermometer  being  introdu- 
"  ed  two  inches  within  the  redum,  the  quick- 
"  filver  rofe  to  loo**  and  a  half  exadly.  The 
"  cheft  of  the  dog  was  then  opened,  and  a  wound 
"  made  into  the  right  ventricle  of  the  heart, 
"  and  immediately,  on  the  ball  being  introdu- 
"  ced,  the  quickfilver  rofe  to  loi''  exadlly. 
"  A  wound  was  next  made  fomc  way  into  the 
"  fubftance  of  the  liver ;  and,  the  ball  being 

introduced,  the  quickfilver  rofe  to  ioo°  and 
"  three  quarters.  It  was  next  introduced  into 
"  the  cavity  of  the  ftomach,  where  it  flood  at 

loi*'.  All  thefe  experiments  were  made  in 
"  the  fpace  of  a  few  minutes.*" 

SECT. 

f  Animal  ceconomy,  p.  lOi. 
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SECT.  V. 

Thus  it  has  been  fhewn,  not  only  that  ani- 
mal heat  is  generated  in  the  lungs,  but  that 
the  quantity  fo  generated  can  be  determined 
by  a  method,  which  has  no  connexion  with  any 
theory  on  animal  heat,  nor  with  the  different 
capacities  of  fixed  and  vital  air  for  heat. 

This  method  is  founded  on  the  two  following 
propofitions,  which  we  prefume,  have  been  de- 
monftrated  by  our  experiments. 

ift,  That  nearly  equal  quantities  of  heat  are 
evolved,  when  equal  quantities  of  vital  air  are 
vitiated  whether  by  the  combuftion  of  coal  or 
by  the  refpiration  of  animals. 

2dly,  That  the  quantity  of  fixed  air  generat- 
ed in  the  lungs  in  any  given  time,  can  be  eafily 
determined  by  knowing  the  quantity  of  fixed 
air  in  air  once  refpired. 

But 


(  ) 

But  if  the  quantity  of  air.commonly  refpired 
had  been  fo  fmall  as  Dr  Goodwin  had  fuppofed, 
it  is  evident,  that  fo  fmall  a  proportion  of  it 
would  have  been  changed  in  the  lungs,  that  this 
organ  could  not  be  confidered  the  fource  of  ani- 
mal heat.  And  in  fad,  feveral  objcdions  were 
made  to  Dr  Crawford's  theory  on  account  of 
the  experiments  of  Dr  Goodwin,  and  feme  o- 
thers  made  by  the  celebrated  De  la  Metherie, 
who  eftimates  the  quantity  of  air  commonly  in- 
fpired  at  8  or  lo  cubic  inches,  and  fuppofes 
therefofje,  that  not  more  than  i  an  inch  of  fix- 
ed air  is  generated. 

But  as  Monf.  De  la  Metherie  meafured  only 
one  refpiration,  and  that  without  much  accura- 
cy, there  is  no  neceffity  of  dwelling  any  long- 
er on  this  topic.  But  from  the  above  experi- 
ments and  calculations  we  neceflarily  conclude, 
that  the  quantity  of  heat  generated  in  the 
lungs  is  fufficient  to  compenfate  for  its  continu- 
al lofs.  We  cannot  therefore  fufficiently  ad- 
imire  the  infinite  wifdora  of  the  fupreme  Being, 

who 
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who  has  made  heat  be  generated  in  the  lungs 
from  that  very  element,  which  draws  off  heat 
from  every  other  part  of  the  body.    We  can- 
not but   admire  alfo  the  difTulion  of  heat 
through  the  entire  fyftem  by  means  of  the 
blood.    Hence  we  fee  the  reafon  of  filling  the 
lungs  of  drowned  perfons  with  air;  whether 
filling  the  lungs  with  air  be  the  moft  efficaci- 
ous method  of  reftoring  the  proper  degree  of 
heat  to  the  vital  parts,  or  whether  it  be  a  fti- 
mulus  to  the  heart ;  the  motion  of  which  per- 
haps ceafes  in  a  great  meafure  from  the  lofs  of 
heat.     This  is  rendered  probable,  not  only  by 
the  blood  being  hotter  in  the  lungs,  and  there- 
fore in  the  left  fide  of  the  heart,  than  in  other 
parts  of  the  body  ;   but  alfo  by  an  experiment 
of  the  ingenious  Dr  Gardiner,  .which  1  fhallgive 
in  his  own  words.  "  Some  years  ago,  I  cut  out 
"  the  heart  and  part  of  the  large  vefiels  of  a 
^'  turtle,  with  a  view  to  examine  the  fl:rud:ure 
of  the  parts,  and  the  circulation  of  the  blood 
in  that  animal.    Having  wiped  off  the  blood 

and 
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"  and  other  moifture,  the  heart  was  wrapped 
"  up  in  a  handkerchief ;  but  engagements  in 
*'  the  way  of  my  profeffion  obhged  me  to  poft- 

pone  my  curiofity  till  about  6  or  7  hours  af- 

ter  it  was  cut  out.    When  I  examined  it, 
"  there  appeared  not  the  leaft  figns  of  life.  It 
"  was  much  ftirivelled  and  dried.    But,  upon 
"  putting  it  in  water  nearly  milk  warm,  it 
*'  plumped  up,  and  fome  parts  of  it  acquired  a 
"  tremulous  motion.     Laying  it  on  the  table, 
"  and  pricking  it  with  a  large  needle,  it  palpi- 
*•  tated  feveral  times.    The  palpitation  renew- 
"  ed  as  often  as  the  needle  was  pulhed  into  its 
"  fubftance,   until  it  became  cold,  when  it 
"  feemed  to  be  infenfible  to  every  ftimulas. 
*'  But  after  warming  it  again  in  water,  it  reco- 
*'  vered  its  irritability,  and  repeated  its  palpita- 
"  tions  on   the  application   of  the  needle. 

Though  no  motion  could  be  excited  in  it  by 
"  any  ftimulus  when  cold,  yet  it  moved  feveral 

times  after  being  macerated  in  warm  water. 
"  This  evidently  (hews  the  neceffify  of  heat 

"  and 
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"  and  moifture  for  maintaining  the  full  powers 
*'  of  the  living  principle  *. 

As  the  air  may  be  made  to  adl  on  blood  drawn 
out  of  the  body  and  quite  cold,  it  is  probable 
that  heat  may  be  generated  in  the  lungs  of  men 
who  had  been  a  long  time  immerfed  in  water. 

As  in  fome  inftances,  men  who  had  been 
only  a  fhort  time  (^N)  under  water,  or  expofed 

to 

*  Animal  oeconomy,  p.  46. 

(N.)  Mr  Coleman  differs  widely  from  Dr  Goodwin  about 
the  caufe  of  death  from  fufpended  refpiration  :  According  to 
his  opinion,  the  effefts  are  nearly  the  fame  whether  the  animal 
perifh  from  hanging,  drowning,  or  breathing  a  noxious  gas  ; 
in  all  thefe  cafes  the  lungs  were  found  collapfed,  and  the  pro- 
portion of  blood  in  the  right  fide  of  the  heart  was  to  that  of 
the  left,  as  13  to  7.  It  is  worthy  of  remark,  that  the  heart 
was  much  lefs  irritable  in  thofe  who  periftied  in  any  of  the  no- 
xious gaffes,  than  in  thofe  who  periflied  from  hanging  or 
drowning. 

The  proximate  caufe'of  death  from  hanging,  drowning,  or 
refpiring  noxious  gaffes,  he  fuppofes  to  be  an  ojjffruftion  in 
the  minute  pulmonary  veffels,  arifing  from  a  collapfe  of  the 
lungs  :  This,  he  thinks,  happens  in  every  inftance  of  death 
from  any  of  thefe  three  caufes. 

Although  Mr  Coleman's  experiments  are  nurfierous  and 
highly  ingenious,  yet  Dr  Goodwin's  opinions  on  the  fubjedl 
are  more  generally  adopted,  particularly  in  this  Univerfity. 
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to  mephitic  air,  did  not  recover,  though  every 
attempt  was  made  of  inflating  their  lungs  in 
the  ufual  manner;  and  as  it  appeared  probable 
that  their  death  was  owing  to  a  fmall  quantity 
of  water  or  mephitic  air,  which  had  infinuated 
itfelf  into  the  pulmonary  veiicles,  fo  as  not  to 
be  got  out  by  the  common  method  ;  would  it 
not  be  proper,  in  fuch  a  dreadful  inftance,  to 
make  one  fide  of  the  lungs  coUapfe  by  a  punc- 
ture into  the  thorax  ?   For  thus  the  water  or 
mephitic  air  would  be  expelled  by  a  few  infla- 
tions, and  pure  air  would  be  clofely  applied  to 
the  pulmonary  veiicles.    It  is  alfo  evident,  that 
little  danger  would  occur  from  the  air  being 
admitted  between  the  lungs  and  pleura,  if  we 
took  care  to  force  it  out,  as  appears  from  many 
cafes  of  emphyfema.    We  muft  not  however 
indulge  in  conjedures,  when  it  is  poffible  to  af- 
certain  the  facft  by  experiment :  as  in  this  entire 
differtation  we  have  cautioufly  avoided  theory, 
except  it  was  of  manifeft  advantage.  Many 
corallarics  may  be  deduced  from  the  above- 
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mentioned  calculations,  fuch  as  the  iiicreafed 
heat  of  the  body  from  exercife,  arid  whatever 
propels  a  greater  quantity  of  blood  through  the 
heart  in  a  given  time.  But  as  we  have  already 
tranfgreffed  the  bounds  prefcribed  for  this  kind 
of  differtations,  we  fhall  fay  no  more  on  the 
fubjeft. 
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